Description 
PARTICULATE TRAP 

Technical Field 

The present disclosure relates generally to a particulate trap, and more 
particularly to a particulate trap having regeneration capabilities. 

Background 

Engines, including diesel engines, gasoline engines, natural gas engines, and 
other engines known in the art, may exhaust a complex mixture of air pollutants. The 
air pollutants may be composed of gaseous and solid material, which include 
particulate matter. Particulate matter may include unburned carbon particles, which 
are also called soot. 

Due to increased attention on the environment, exhaust emission standards 
have become more stringent. The amount of particulates emitted from an engine may 
be regulated depending on the type of engine, size of engine, and/or class of engine. 
One method that has been implemented by engine manufacturers to comply with the 
regulation of particulate matter exhausted to the environment has been to remove the 
particulate matter from the exhaust flow of an engine with a device called a 
particulate trap. A particulate trap is a filter designed to trap particulate matter and 
consists of a wire mesh medium. However, the use of the particulate trap for 
extended periods of time may cause the particulate matter to build up in the wire 
mesh, thereby causing the functionality of the filter and engine performance to 
decrease. 

One method of improving the performance of the particulate trap may be to 
implement regeneration. For example, U.S. Patent No. 6,572,682 (the '682 patent) 
issued to Peter et al. , on June 3, 2003, describes using a self-cleaning filter system to 
remove particulate matter from an exhaust flow of an engine. The filter system of the 
'682 patent is designed for use in a diesel engine and comprises a filter media stack 
having a plurality of sub-cartridges. Exhaust flow is directed through each of the sub- 



cartridges via damper valves, to remove particulate matter from the exhaust flow. A 
heater is used to increase the temperature of the filter and the trapped particulate 
matter above the combustion temperature of the particulate matter, thereby burning 
away the collected particulate matter and regenerating the filter system. 

Although the filter system of the '682 patent may reduce the particulate matter 
exhausted to the environment, and reduce the buildup of particulate matter in the filter 
system, the filter system may nonetheless be problematic. By means of example, the 
filter media stack of the '682 patent may not be fluidly isolated from the exhaust 
flows of the other filter media stacks within the same particulate trap. As a result, the 
exhaust flowing through non-regenerating filter media stacks may cause the 
regenerating filter media stack to require additional power to regenerate. In addition, 
the filter system of the '682 patent may not conform to a variety of packing 
environments. 

The present disclosure is directed to overcoming one or more of the problems 
set forth above. 

Summary of the Invention 

In one aspect, the present disclosure is directed to a particulate trap that 
includes a housing and a plurality of filters disposed within the housing. The 
particulate trap also includes a plurality of dividers fluidly isolating one or more of the 
plurality of filters into filter divisions. The particulate trap further includes at least 
one inlet and at least one outlet individually associated with each filter division, and a 
valve assembly configured to selectively block a flow of exhaust air through each of 
the inlets 

In another aspect, the present disclosure is directed to a method of removing 
particulates from an exhaust flow. The method includes flowing exhaust through a 
plurality of inlets. Each of the inlets direct a portion of the exhaust flow to an 
associated filter division, each filter division being fluidly isolated from at least one 
other filter division and having at least one filter. The method also includes filtering 
particulates out of the exhaust flow with the at least one filter. The method further 
includes selectively blocking the exhaust flow through at least one filter division, and 



selectively applying electrical current to at least one filter section of the at least one 
filter. 

Brief Description of the Drawings 

Fig. 1 is a diagrammatic illustration of an engine having an exemplary 
embodiment of a particulate trap; and 

Fig. 2 is a perspective diagrammatic view of an exemplary embodiment of a 
particulate trap. 

Detailed Description 

Fig. 1 illustrates an engine 10 having an exemplary embodiment of a 
particulate trap 12. Engine 10 may include an exhaust manifold 14 connecting an 
exhaust flow of engine 10 with particulate trap 12. A controller 18 may be in 
communication with particulate trap 12 via communication lines 20, 21, and 22. 

As illustrated in Fig. 2, particulate trap 12 may include multiple filters 24, one 
or more insulating dividers 26, a plurality of inlets 28, a valve assembly 30, a plurality 
of outlets 32, and a housing 34. 

Each of filters 24 may be substantially rectangular in shape and configured to 
allow exhaust to flow from a first side to a second side. Each of filters 24 may 
include one or more filter sections 36, each having a corrugated wire-mesh media 38 
that are electrically conductive and separated from each other by insulating members 
40. Alternately, each of filter sections 36 may include ceramic media having 
electrically conductive fibers, or any other means known in the art for filtering 
particulates from an exhaust flow. Each of filter sections 36 may be stacked in layers, 
as shown in Fig. 2. Alternately, filter sections 36 may be arranged in rows and/or 
columns. Each of filter sections 36 may include at least two electrical connectors 41 
(only one shown in Fig. 2 for each filter section 36), one connected to each end of 
each filter section 36. Electrical connectors 41 may connect one or more filter 
sections 36 to a power source (not shown) to form an electrical circuit. The filter 
sections 36 may be electrically connected on at least one end via a common bus bar 
37 (Fig. 1). 



One or more of insulating dividers 26 may separate one or more of filters 24 to 
create one or more filter divisions 42 within particulate trap 12. It is contemplated 
that additional or fewer filter divisions 42 than what are illustrated could be included 
in particulate trap 12. 

Particulate trap 12 may include a number of inlets 28 equal to the number of 
filter divisions 42. The inlets 28 may include openings through the filter divisions 42 
and tubes that extend from the common inlet to filter divisions 42 that are spaced a 
distance from the common inlet. Each of inlets 28 may direct exhaust flow from a 
common inlet 44 to one of filter divisions 42. Each of inlets 28 may include a flared 
entry portion 45 in fluid communication with the common inlet to reduce an inlet 
restriction of the exhaust flow. As illustrated in Fig. 2, the tubes associated with inlets 
28 may have different lengths depending on the distance an associated filter division 
42 is from common inlet 44. For example, a tube associated with a lower filter 
division 42 will be longer than the tube associated with an upper filter division 42, 
and will extend through the upper filter division 42. 

Valve assembly 30 may include a plurality of valve elements 46, the number 
of valve elements 46 being equal to the number of inlets 28. Each valve element 46 
may be configured to block or substantially restrict exhaust flow through an 
associated inlet 28. Valve assembly 30 may include valve actuators 48 configured to 
cause each of valve elements 46 to selectively move in and out of a blocking position 
relative to inlets 28. Valve actuators 48 may include a solenoid actuator, a hydraulic 
actuator, a piezo actuator, or any other actuator known in the art. 

Particulate trap 12 may include a number of outlets 32 equal to the number of 
filter divisions 42. The outlets 32 may include openings through the filter divisions 
42 and tubes that extend from filter divisions 42 to a common outlet 50. Each of 
outlets 32 may direct filtered exhaust flow from an associated filter division 42 to the 
common outlet 50. Each of outlets 32 may include a flared entry portion 52 in fluid 
communication with the associated filter divisions 42. As illustrated in Fig. 2, the 
tubes associated with outlets 32 may be different lengths depending on the distance an 
associated filter division 42 is from the common outlet 50. For example, the tube 



associated with an upper filter division 42 will be longer than a tube associated with a 
lower filter division 42 and will extend through the lower filter division 42. 

Referring to Fig. 1, controller 18 may include all the components to operate 
particulate trap 12 such as, for example, a memory, a secondary storage device, and a 
processor. Various circuits may be associated with controller 1 8 such as, for example, 
power supply circuitry, signal conditioning circuitry, solenoid driver circuitry, and 
other appropriate circuitry. Controller 18 may also be in communication with one or 
more pressure sensors within particulate trap 12. A first pressure sensor (not shown) 
may be in fluid communication with inlet 44 and a second pressure sensor (not 
shown) may be in fluid communication with outlet 50 to aid in a measurement of a 
pressure differential across the filters 24 within the particulate trap 12. 

Industrial Applicability 

The disclosed particulate trap 12 may be applicable to any combustion-type 
engine. Particulate trap 12 may allow for a less complex and lower cost alternative 
for reducing the amount of particulate matter exhausted to the environment. The 
operation of particulate trap 12 will now be explained in detail. 

According to an exemplary embodiment of particulate trap 12, exhaust flow 
may be directed into particulate trap 12 through common inlet 44 and into inlet tubes 
28. As illustrated in Fig. 2, the exhaust flow may be directed from inlets 28 to filter 
divisions 42. 

As exhaust flows through filter divisions 42, particulate matter may be 
removed from the exhaust flow by the wire mesh media 38 of filter sections 36. Over 
time, the particulate matter may build up in wire mesh media 38. If unchecked, such 
particulate matter buildup could be significant enough to restrict, or even block the 
flow of exhaust through openings of wire mesh media 38, allowing for pressure 
within the exhaust system of engine 10 to increase. An increase in the back-pressure 
of engine 10 could reduce the engine's ability to draw in fresh air, resulting in 
decreased performance of engine 10, increased exhaust temperatures, and poor fuel 
consumption. 
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[23] To prevent the undesired buildup of particulate matter within particulate trap 

12, individual filter sections 36 within a particular filter division 42 may be 
regenerated. The filter sections 36 within a particular filter division 42, may be 
regenerated at the same time or individually at different times. Regeneration may be 
periodic or based on a predetermined triggering condition. The predetermined 
triggering condition may be a lapsed time of engine operation, a pressure differential 
measured across particulate trap 12, or any other triggering condition known in the 
art. 

[24] Controller 18 may be configured to cause regeneration of the filter divisions 

42. When controller 18 determines that regeneration is required (e.g., when a lapse of 
time corresponding to engine operation is greater than a predetermined value, or when 
a pressure measured across particulate trap 12 is greater than a predetermined value), 
controller 18 may cause one of valve elements 46 to engage one of inlets 28 to block 
the flow of exhaust to one filter division 42. It is contemplated that the valve 
elements may be alternately engaged in a blocking position, or more than one valve 
element 46 may be engaged at a given time to block more than one filter division 42. 
It is also contemplated that one valve element may be configured to block more than 
one filter division 42 at a given time. 

[25] When the exhaust flow is blocked from one filter division 42, controller 18 

may connect the power source via electrical connectors 41 to at least one filter section 
36 of blocked filter division 42. Current from the power source (not shown) may 
cause filter section 36 to heat up above the combustion temperature of the particulate 
matter trapped in filter section 36, thereby burning away the buildup of particulate 
matter. 

[26] Blocking the exhaust flow from regenerating filter section 36 may reduce the 

energy required for regeneration, because the relatively cool flow of exhaust, when 
compared to the heat required for regeneration, may absorb heat during the 
regeneration process. Because each filter section 36 within each filter division 42 
may be separately regenerated, the magnitude of power required at any one time for 
regeneration may be low. The low power required for regeneration may allow for 
low-cost, power- generating and power circuit components. In addition, because each 



filter division undergoing regeneration is fluidly isolated from the other filter 
divisions within the same particulate trap, the exhaust flowing through non- 
regenerating filter divisions does not affect the amount of energy required to 
regenerate the fluidly isolated filter division. 

After filtration of the particulate matter, the filtered exhaust may exit filter 
division 42. The filtered exhaust may be directed out of particulate trap 12 via outlets 
32 and common outlet 50. 

It will be apparent to those skilled in the art that various modifications and 
variations can be made to the disclosed particulate trap without departing from the 
scope of the present disclosure. Other embodiments of the disclosed particulate trap 
will be apparent to those skilled in the art from consideration of the specification and 
practice of the particulate trap disclosed herein. It is intended that the specification 
and examples be considered as exemplary only, with a true scope of the disclosure 
being indicated by the following claims and their equivalents. 



